Abstract An innovative technology for industrial wastewater treatment has been developed. The main focus of the new system is a transformation of persistent organic compounds (biorecalcitrant COD) into a biodegradable fraction, followed by high efficient biological elimination using specialised bacteria's. To fulfill these targets the Aqua-Biomant w process integrates two treatment steps: an aerated biological upflow filter and a electrochemical oxidation technique using boron doped-diamond electrodes. The advantages of the process are high efficient COD removal with reduced energy consumption combined with low total residence time.
Introduction
Industrial wastewater treatment with an optimal treatment processes is a great challenge now a days. The focus is given to technologies which integrate biological and chemical processes and reduce the final concentration of the effluent to desired values. Individual application of biological processes is limited due to the presence of problematic compounds in the industrial wastes. Many synthetic or naturally existing organic molecules are biorecalcitrant, i.e. resistant to biodegradation. In addition, the inhibitory compounds could limit the biological degradation of pollutants and in particular the biological activity of the microorganisms.
On the other hand, the application of single physiochemical or oxidation technologies like advanced oxidation processes (AOPs) is very efficient, but it is more expensive than the biological process alone.
An advantage of the combined wastewater treatment is the synergistic effect as chemical and biological methods complement each other. The electrochemical treatment is responsible for the protection of biological cultures from inhibitory or toxic compounds, present in the industrial wastewaters. The coupling reduces the total residence time in both chemical and biological reactors while obtaining the desired total efficiency. Thus the process becomes cost-effective and achieves a complete mineralisation of pollutants (Lee et al., 2001) .
The company Aqaubiotec GmbH, Lübeck has developed an innovative technology Aqua-Biomant w for industrial wastewater treatment. The new technique integrates in two stages with a recirculation, an aerated biological upflow filter with the modern electrochemical oxidation process by means of boron-doped diamond electrodes.
Description of Aqua-Biomant w technology
In the Aqua-Biomant w the wastewater is first treated by an aerated biological upflow biofilter (Figure 1 ). In this way the biological degradable compounds, present in the wastewater, are eliminated due to the activity of specialised microorganisms settling on the filter material as biofilm. At the same time the water is filtered and the concentration of suspended solids in the outlet of the filter is low (SS , 2-5 mg/L). After this high efficient biological treatment the wastewater is recycled through an electrolysis cell, where the bio-recalcitrant compounds are transferred to biodegradable compounds and returned to the biofilter for final mineralisation.
The biological step in Aqua-Biomant w is an aerobic treatment process with fixed-bed biomass, carried out in a biological upflow filter. The reactor is filled with a granular filtering medium, which serves as support media for bacterial growth. Raw water is supplied to the reactor from the bottom to the top (upflow). To maintain aerobic conditions and allow aerobic bacterial growth, the reactor is aerated from the bottom in co-current stream ( Figure 2 ). Wastewater purification is affected through biological activity and mechanical filtration. Air diffusers are on the bottom of the biofilter cylinder body. Diffusers ensure regular oxygen supply, necessary for the microbial activity and degradation of the pollutants. The energy consumption of the biofiltration is in the range 0.3 -0.8 kWh/m 3 treated wastewater.
However, a full mineralisation of the bioreaclitrant compounds is not possible only by a biological treatment. The poor biodegradability, e.g. in the textile industrial effluent, is due to the fact that the synthetic dyes, present in the wastewater are xenobiotic. The natural systems of microorganisms in rivers and lakes do not contain enzymes which are designed by nature to degrade such components under aerobic conditions. Water soluble dyes more likely undergo biodegradation if they are immobilised on any substrate which is present in municipal wastewater (Zollinger, 1991) . Dyes cause severe problems when released into municipal wastewater treating plants since microbial cultures in conventional treating plants may be massively damaged by azo dyes and are not able to decolourise them satisfyingly (Kandelbauer and Guebitz, 2005) .
The electrochemical advanced oxidation process utilises boron-doped diamond electrodes for generation of highly recative oxidising agents -hydroxyl radicals. They have higher standard redox potential in comparison with ozone. Hydroxil radicals react very rapidly with almost all types of organic substances and transform them into biodegradable or to final inorganic compounds such as CO 2 and H 2 O. Standard redox potentials of some oxidant agents are given in Table 1 .
Hydroxil radicals can completely oxidise organic substances such as oil-water emulsion, phenols, hormones, EDTA and organic dyes (Fraser and Sims, 1984) .
In order to perform a partial oxidation instead of complete mineralisation in the electrolysis cell, the supplied current density should be kept at lower levels. Another main aspect during this process is the energy consumption, which is related to the current efficiency. Applied high current (respectively current density) results in a low current efficiency due to formation of side reactions. Reduction of the costs for the electrochemical treatment by use of cost-effective biological treatment can be achieved after an optimisation of the combined process.
Results

COD elimination in textile industry
Results from the operation of a pilot plant study in textile industry are given in Figures 3  and 4 . The combined system has used current densities between 1.74 and 20 mA/cm 2 and a volumetric BOD organic load of 2 (kg/m 3 .d) on the biofilter. This capacity of the integrated system was able to achieve COD removal in the range of 37-67% and colour removal in Hazen units in the range of 30-50%.
The results indicate that the effluent has very low biodegradability and the application of an advanced oxidation process is reasonable. The wastewater effluent had relatively stable outlet concentrations despite the high variations in the inlet. The increase of the current density from 1.75 to 19.12 mA/cm 2 did not change the COD removal efficiency significantly.
Biodegradability of paper mill effluent
The single application of the electrochemical oxidation of paper mill effluent was performed with a laboratory scale reactor utilising boron-doped diamond electrodes. The wastewater samples have already been treated biologically. The biodegradability of the effluent was investigated through analysing the BOD 5 /COD ratio during the electrochemical oxidation. The applied current density was 5.26 mA/cm 2 . Figure 5 shows an increase of BOD 5 /COD ratio more than 40% in the first 15 min.
Decolourisation of wastewater from textile industry Figure 6 represents the behaviour of the spectral absorption coefficient (SAK) at 300, 436, 525 and 620 nm as a function of the electrical charge. The last three wavelengths are shown in accordance to the requirements of the German environmental law for discharged emission levels (Anhang 38, Abwasserverordnung). The obtained values for SAK of the treated wastewater are lower than the required ones. Figure 7 shows the decolourisation of a wastewater sample from textile industry after treatment with EAOP. The results confirm the successful application of the electrochemical advanced oxidation process for decolourisation of wastewater from textile industry. 
Conclusion
The Aqua-Biomant w process allows high efficient waste water treatment including elimination of suspended solids, elimination of biorecalcitrant COD and decolourisation. The combination of biological treatment and AOP leads to low energy consumption combined with small treatment units.
